Two sets of figures, based on estimates of the lower limits of normal, have been adopted at A.E.R.E. to act as a guide to doctors carrying out pre-employment medical examinations, one setting a " warning" level of blood count and the other a "rejection" level.
Warning Level Rejection Level (mm.3) (mm.') Leucocytes 4,500 3,000 Neutrophils 3,000 2,000 Lymphocytes 1,000 750
A candidate having a count at the former level would be accepted for employment, but would be exposed to radiation hazard only if and when it had been found that this was, in fact, his physiological level and that clinical signs of damage to or deficiency in the haemopoietic tissues were absent: a candidate with counts at or below the rejection level would be considered unsuitable for employment in an atomic energy establishment.
It has been shown by Chamberlain, Turner, and Williams (1952) that the first, or pre-employment count, is not the most reliable count on which to base a statistical investigation as it tends to be inflated by emotional factors. However, in this instance, it was considered to be the appropriate figure to use, as it is from this evidence that the medical officer has to deduce whether an applicant is, or is not, suitable for appointment.
The data used consisted of the first counts of all potential new entrants examined during the twoyear period July 1, 1952 1, , to June 30, 1954 ; these numbered 1, 897 .
Results The numbers and percentages of low counts for each type of cell in each age group are shown in Table 1 . These results show that low neutrophil counts would account for a greater number of rejections or " provisional " acceptances than would low lymphocyte counts: of the totals for all age groups 15 8 % show warning level " neutropenia " as against 0 5 % " lymphopenia ", and 1-6 % show rejection level " neutropenia " compared with 0-2 % "'rejection" level " lymphopenia ". Furthermore, the age group showing the highest number of counts below warning level, is, as was suspected by the medical officers, the 16-19-year-olds. Although the rejection rate in all groups is small, Table 1 shows that, over the range 16-60 years, the apprentice age group has a higher rejection rate than the older age groups: the 60-70-year-olds (a relatively small group) have the highest rejection rate (7%). There are no rejections based solely on leucocyte counts, and only 0o2% of all ages based on lymphocyte counts. Whitby and Britton (1946) and various other workers, including Garrey and Bryan (1935) and Kolmer and Boerner (1945) , state that the mean leucocyte count shows a tendency to fall with age over the years covering infancy to about 12 to 15 years, after which it tends to remain stationary, the effect of increased age being negligible (Gabbert, Hutaff, and Harrell, 1947 In the case of neutrophils, however, at warning level x2 is highly significant (P < 0-001), which is due in large measure to the excess of observed over expected figures in the youngest age group. Agreement is reasonably good at neutrophil rejection levels (P-0.1), although here again there is an excess of observed over expected figures in the youngest age group. The numbers of lymphocyte counts below warning and rejection levels were too small to apply the x2 test.
The tendency towards low neutrophil counts in the youngest group is reflected in the level of the mean counts of that group when compared with those for the older groups ( Table 2 ). The levels of lymphocyte counts are approximately the same for all groups.
It was considered possible (although unlikely) that the high proportion of " neutropenics " in the youngest age group might be due to absence of emotional effects in younger personnel; accordingly On the basis of second counts, a much higher percentage (ranging from 18 to 28) of neutrophil counts of all age groups falls into the warning category (Table 3A) ; similarly, although the figures are of more reasonable proportions (from 2% to 4 %), an increase in the number of neutrophil counts at rejection levels is observed. Furthermore, the numbers of counts falling below warning or rejection levels now tend to be the same for all age groups. However, in the 16-19 age group the percentage at warning level remains the same as in the earlier estimate. Applying the x2 test as before, good agreement is found between expected and observed figures for each age group, the figures for x2 not being significant for all types of cell at both levels.
Reference to Table 3B shows that, as was demonstrated in earlier work at A.E.R.E. (Chamberlain et al., 1952) , the means of second counts are, at all age levels, lower than those of first counts. However, the relative differences between the mean counts of the age groups remain substantially the same, i.e., the lowest age groups have the lowest counts.
A further line of investigation to account for the high incidence of low neutrophil counts was suggested by evidence (Chamberlain et al., 1952) that a seasonal variation occurs in mean counts, the lowest levels being reached in the quarter from It will be observed that morning counts occur with greater frequency in the older age groups than in the younger age groups, although of the three younger decades the apprentice age group shows a slightly higher percentage of early counts.
Discussion
There is no doubt, on the basis of the standards laid down at A.E.R.E., that there is a higher proportion of individuals in the apprentice age group than in older age groups with pre-employment white cell (primarily neutrophil) counts below warning and rejection levels. Whilst there is little difference between all age groups in the number of " warnings " and " rejections " based on lymphocyte counts, and slightly more when based on leucocyte counts, there is a considerable difference between the 16-19-yearolds (24%) and the higher age groups (11 %-1 6%) when the pre-employment neutrophil count is considered. It is difficult to find a satisfactory explanation of this phenomenon, particularly as, as mentioned earlier, the consensus of opinion appears to be that adult levels of counts are reached between the ages of 12 and 15 years. There is no information in the literature to suggest that a tendency towards low neutrophil counts exists during this period (16-19 years) of growth. Abbott, Ahmann, and Overstreet (1939) , working with college students, women, and children in rural schools, observed that vitamin A deficiency appears to produce a slight leucopenia, chiefly affecting the neutrophils, but no evidence is available regarding the nutritional status of the population here under review to suggest that this might account for the low neutrophil counts in the youngest group. Nor can they be accounted for by the time of day at which counts are made. In fact, if this were the predominating factor affecting level of counts, it would be expected from the results in Table 4 that the lowest counts would be found in the higher age groups.
There is a possibility that the physiological response to emotion associated with and raising the level of first blood counts may be less in the apprentice age group than in older groups. Some support is lent to this theory by the results of the investigations on second counts reported in Table 3 . This shows that although the mean of all second counts is lower than the first, the effect is less marked in the youngest group. Furthermore, the percentage of individuals below warning level in the youngest group remains the same for both first and second counts, but is increased in the older age groups.
A possible explanation of the excess of low counts in the apprentice age group is likely to be found in the fact that the majority of its members begin employment and have their first count during the period of the year in which blood count levels are normally at their lowest. This means that any comparison made with other age groups, whose date of entry is spread out more evenly over the whole year, is likely to show a bias towards lower counts in this group. Furthermore, the depressing seasonal effect would be reflected in the mean of subsequent counts, when carried out on an annual basis.
It appears to the writer that, in the light of the results of this investigation, the use of a figure of 3,000 neutrophils per mm.3 as a warning level is unrealistic. Its use implies that, on the basis of a first count, 16 %, or on the basis of a second count, 24%, of candidates would require careful medical supervision when considerations for exposure to radiation hazards arose. This, in what is assumed to be a cross-section of a normal healthy working population, seems to be an unduly high proportion; it would be expected that the findings for neutrophils would be of a similar order to those of leucocytes and lymphocytes and not five to eight times greater as is now the case. It is suggested therefore that a lower figure should be adopted. If a figure of 2,500 per mm.3 were used distribution of " warnings " between age groups would be as follows for first and second counts (Table 5) . The number of individuals with neutrophil counts below these levels was found to be higher in the 16-19-year age group than in the older groups. There were also more warnings and rejections in all groups attributed to low neutrophil counts than to low leucoycte or lymphocyte counts.
An investigation into the distribution of age groups according to season of the year revealed that a higher proportion of apprentice age personnel began employment at the end of the school year, which coincides with the season at which blood counts are known to reach their lowest level.
The adoption of lower standards for warning and rejection levels of neutrophil counts is recommended.
